Introduction
[2] The Nankai Trough marks the convergent plate margin where the Philippine Sea plate is subducting beneath southwestern Japan (Figure 1 ). This subduction zone has repeatedly generated great earthquakes in excess of Mw 8 [Ando, 1975] . Because great earthquakes at convergent plate margins are believed to occur both at the plate interface and on mega-splay faults, there have been many seismic surveys [e.g., Moore et al., 1990; Park et al., 2002; Bangs et al., 2004; Moore et al., 2009] and intensive drilling operations [e.g., Kinoshita et al., 2008] to investigate these seismogenic faults.
[3] A recent Integrated Ocean Drilling Program (IODP) drilling campaign used borehole breakouts and core sample observations to show that the stress state (principal horizontal stress orientation) changes across the seismogenic mega-splay fault [e.g., Lin et al., 2010] . Maximum horizontal stress is perpendicular to the trench seaward of the megasplay fault and parallel to it landward of the megasplay fault, and changes again further landward to become nearly parallel to plate convergence . These variations in stress orientations are hypothetically explained by static stress variations during the earthquake cycle [Wang and Hu, 2006] . The anelastic strain recovery (ASR) measurements and borehole wall failure analysis [Chang et al., 2010] further revealed stress regime within the Nankai accretionary prism. Therefore, revealing the stress orientation and its magnitude should provide useful information for evaluating and monitoring seismogenic faults [e.g., Crampin et al., 2008] . For this study, we used walkaround VSP data recorded at Site C0009 during IODP Expedition 319 in 2009 [Saffer et al., 2009] (Figure 2a ) to estimate seismic anisotropy and to reveal the stress state in Kumano basin sediments above the seismogenic mega-splay fault. This is a first attempt to reveal anisotropic properties from the walkaround VSP data acquired in the Nankai Trough region.
[4] Seismic anisotropy is a phenomenon that can be used to reveal in situ stress state [e.g., Crampin et al., 2008] . Seismic anisotropy within sediments is related to the amount of fracturing (or crack) and the dominant orientation of those fractures [Kaneshima et al., 1988; Haacke and Westbrook, 2006; Haacke et al., 2009] . For rocks containing vertically aligned cracks (horizontal transverse isotropy; HTI), the fast velocity direction coincides with the direction of crack alignment; the degree of velocity difference provides information about crack density [Crampin, 1985] . Although horizontal layered sediment (e.g., Kumano basin sediment) generally have a vertical transverse isotropy (VTI) from bedding and compaction with a slow vertical axis [Mavko et al., 1998 ], HTI induced by the vertically aligned cracks are superimposed on the VTI anisotropy.
[5] If cracks are produced by a regional tectonic stress field, seismic anisotropy can be used to estimate the stress orientation and magnitude. In unconsolidated sequences, furthermore, stress-induced anisotropy due to increasing contact between grains can be observed [Johnson et al., 1998 ]. In this case (anisotropy induced by increasing grain-contact), the fast velocity direction corresponds to the direction of principal horizontal stress. Therefore, we can evaluate stress state from azimuthal seismic anisotropy even in unconsolidated sequence [Tsuji et al., 2011] . Although fractures formed during earlier deformation, under stress states possibly different from the present-day one, may also influence the seismic anisotropy, the shallow sedimentary sequence (Kumano basin sequence) we focus on in this study was not intensively fractured, and therefore the estimated seismic anisotropy should reflect in situ stress state.
Geologic Setting
[6] At the Kumano transect across the Nankai Trough, the Philippine Sea Plate is subducting beneath the Japanese Islands at a convergence rate of 4.5-5.5 cm/year along an azimuth of 305-310 ( Figure 1 ) [Seno et al., 1993; Loveless and Meade, 2010] . Seismic reflection data ( Figure 1b) show a strong negative-polarity reflection representing the mega-splay fault [e.g., Park et al., 2002; Moore et al., 2009] . Seismic and tsunami inversions [Kikuchi et al., 2003; Tanioka and Satake, 2001] suggest that rupture on this mega-splay fault might have generated the 1944 Tonankai earthquake (M 7.9) and tsunami. [7] Landward of the seafloor trace of the megasplay fault (the outer ridge), about 1 km of Kumano basin sediments directly overlies the accretionary prism ( Figure 1b ). Site C0009 was located within the Kumano basin where there is ∼1350 m of unconsolidated sediment overlying the accretionary prism ( Figure 1c ). Trough-parallel normal faults are well developed within the Kumano basin immediately landward of the outer ridge [Park et al., 2002] . These normal faults may be related to dynamic activity on the mega-splay fault, tectonic evolution of the splay-fault and fore-arc basin [Gulick et al., 2010] , or underplating [Leggett et al., 1985] . However, they are not found around Site C0009 and the stress state cannot be determined from seismic reflection profiles alone.
VSP Data
[8] During IODP Expedition 319, we acquired walkaway, walkaround, and zero-offset VSP data [Saffer et al., 2009] . Here we use the walkaround VSP data to study azimuthal seismic anisotropy. For the walkaround VSP data, four air gun strings (128 L total volume) were deployed on R/V Kairei and 278 shots were recorded (Figure 3a) . The shooting interval was 30 s and the distance from the borehole was almost constant at 3473-3567 m (Figure 3b ). [9] We deployed a Schlumberger's Vertical Seismic Imager (VSI) wireline tool inside 13-3/8 inch (∼40 cm) casing. The receiver configuration consisted of a 16-level, three-component receiver array spaced at 15.24 m (50 feet) intervals over a depth range from 908 to 1137 m below seafloor (2960-3190 m below the sea surface; Figures 1c and 4) within the lower part of the Kumano basin sedimentary sequence. The sampling interval was 2 ms, and the record length for each shot was 20 s. Figure 5 shows the first arrivals of the VSP data (radial component) at 45°intervals of shooting position. Because the data acquired by channel 10 was noisy in the 25-30 Hz frequency band, we needed to reduce the noise for anisotropic analysis. To achieve Gray boxes indicate the wavefields used for anisotropic analysis. From the direct P wave, we estimated P wave velocity anisotropy and amplitude variation with azimuth (AVAZ). From the horizontal components (Hmax and Hmin), we derived shear wave splitting.
this, we constructed a noise waveform using a band-pass filter of 25-30 Hz frequency range and subtracted it from the original waveform. Although this reduced the amplitude of the trace recorded by channel 10 compared to other channels, the lessnoisy signal showed characteristics similar to those of the surrounding receivers, so we included the noise-reduced data from channel 10 in our anisotropic analyses. on the basis of geological, geophysical, and geochemical characteristics determined from cuttings, core, and wireline logs. On the basis of an abrupt downward increase in wood and lignite fragments and the occurrence of rounded grains of glauconite, they further divided Unit III into Subunits IIIA and IIIB. Subunit IIIB is characterized by lower Vp/Vs and higher resistivity than Subunit IIIA, and is therefore considered to be gas-enriched [Doan et al., 2011] . Because the VSI tool was deployed across the boundary between Subunits IIIA and 
Methods and Results

Wavefield Separation
[11] To separate the various wavefields for seismic anisotropy analyses, we used information derived from orthogonal particle motions and moveout differences ( Figure 2) . First, the two raw horizontal components (X-and Y-axes) were rotated into radial and transverse components by examining the horizontal components of the particle motion of the direct P wave; the strongest amplitude of the direct P wave is parallel to the radial direction. The radial component lies in the plane containing the vertical receiver array and the shotpoint, and is roughly aligned with P waves and SV waves (Figure 2 ). The transverse component represents the SH wave.
[12] To estimate the incident angle of the direct P wave (Figure 2a ), we applied hodogram analysis in the plane of the vertical and radial components. The hodogram analysis enabled us to accurately determine the incident angle for each receiver (60-70°). By using the incident angle determined at each receiver and applying a rotation of the vertical and radial components, we constructed the wavefield of the direct P waves ( Figure 6 ). [Saffer et al., 2009] . The interval where the VSI tool was deployed is indicated by the orange bar. Lithologic units defined by the Expedition 319 Scientists [2010] are also shown.
[13] Because the horizontal wavefields still included both the upgoing and downgoing waves, we needed to separate these wavefields before further analysis. We aligned the first break times of common shot gathers, and then applied an F-K filter to extract the upgoing wave. We then obtained the downgoing wave by subtracting the upgoing wave from the mixed wavefield. . Direct P wave receiver gather from walkaround VSP data (channel 7). Horizontal axis indicates receiversource azimuth (degree). The first-break time was used to estimate velocity anisotropy (open circles in Figure 7b ). The maximum amplitude of the first arrival wavelet was used for analysis of amplitude variation with azimuth.
[14] We obtained several anisotropic parameters from the wavefields we separated from the walkaround VSP data (Figure 2b) . From the wavefield of the direct P wave, we estimated (1) P wave velocity anisotropy by using azimuthal normal moveout (NMO) velocity analysis, and (2) P wave amplitude variation with azimuth by Fourier series fitting. From the wavefields of the radial and transverse horizontal components, we estimated (3) symmetry axes of S wave splitting.
P Wave Velocity Anisotropy
[15] To determine P wave velocity anisotropy, we performed elliptical-fitting analysis [Grechka and Tsvankin, 1998 ] for all receivers. The elliptical form allows the exact expression for NMO velocity to be determined from only three parameters: the velocities at the major and minor axes of the ellipse (i.e., maximum velocity V max and minimum velocity V min ) and the orientation of the ellipse relative to the coordinate axes (i.e., maximum velocity direction 8 0 ):
where V NMO (8) is the NMO velocity parameterized by receiver-source direction (8; radial direction; Figure 7a ).
[16] The travel time (Figure 7b ) can be calculated from the source-receiver horizontal offset x (∼3.5 km; Figure 3 ), zero-offset travel time t 0 derived from zero-offset VSP data, and V NMO (8) calculated by equation (1):
Since we know t 0 and x in equation (2), we can calculate travel time t(x, 8) for each shot from V max , V min , and 8 0 . We estimated V max , V min , and 8 0 (Figures 7d and 7g ) by fitting the calculated travel time to the observed arrival time of the downgoing direct P wave ( Figure 6 ). Because the direct P wave is affected by noise much contained in vertical component, we applied a median filter to accurately determine the first break time.
[17] The estimated V max and V min represent NMO velocities between the sea surface and the receivers. From these NMO velocities (Figure 7d ), we estimated interval velocities within the sedimentary sequence (between seafloor and receiver) by using the Dix equation (Figure 7e ) [Yilmaz and Doherty, 2001] , which showed that interval velocities within the sedimentary sequence varied by ∼110 m/s. This corresponds to ∼5% velocity anisotropy (Figure 7f ). The azimuth of the fast P wave velocity direction 8 0 is about 135° (Figure 7g ), which corresponds to the subduction direction of the Philippine Sea plate.
[18] At depths greater than 1068 m below seafloor, interval velocities in the sequence between the seafloor and receivers decreased with increasing depth (Figure 7e ). This interval of decreasing interval velocity corresponds to the gas-enriched zone ( Figure 4 ) and indicates that the presence of gas may significantly decrease the P wave velocity. P wave velocity anisotropy (Figure 7f ) further increase in the gas-enriched zone.
[19] The estimated azimuthal velocity difference would be expected to be affected by seafloor depth variation. The maximum difference in seafloor depth within the shooting circle is 25 m, which gives an estimated error due to seafloor depth difference of ∼4 ms in travel time. Because the maximum P wave travel time difference derived from the HTI anisotropy (Figure 7a ) was ∼50 ms, differences of seafloor depth did not significantly affect our estimates of velocity anisotropy.
[20] Because we found a good fit between observed and calculated travel times (Figure 7b ), it is clear that the dip of the Kumano basin sequence (tilted transverse isotropy; TTI) had little effect on the estimated anisotropic properties. The small difference between observed and calculated travel time (Figure 7c ) can be partially explained by the dip of the Kumano basin sequence. If the effect of dip of sedimentary sequence is dominant, a sinusoidal curve of 2p period would be expected. In fact, the residual between observed and calculated travel time (Figure 7c ) indicate landward dipping sedimentary sequence, because the observed travel time is shorter than the calculated time for a receiversource angle of 100 degree (updip direction of the strata; Figure 7c ) and because P wave velocity for layer-parallel direction is faster than that for layernormal direction [Hudson, 1981] . However, the influence of the layer dipping effect on the travel time variation is small (<10 ms) compared to the fracture-related (or grain-contact related) HTI anisotropy, and is similar in magnitude to the error derived from seafloor depth difference (∼4 ms).
[21] The horizontal P wave velocity anisotropy measured on core samples from the same borehole scatters in a range of ±10% or even larger [Expedition 319 Scientists, 2010] . We believe that the anisotropy difference between VSP (∼5%) and laboratory measurements (±10%) is due to different scale as well as different stress conditions during measurement. Our estimated anisotropy using low frequency source signal (several 10 Hz) is averaged along the raypath from seafloor to receivers. On the other hand, the velocities of core samples could be affected by small-scale cracks formed or opened during stress unloading. Furthermore core samples were obtained from deeper lithology, which may have more fractures and stronger anisotropy compared to unconsolidated shallower sediment.
P Wave Amplitude Variation With Azimuth
[22] Although P wave velocities can be determined only with low spatial resolution, we can reveal anisotropic characteristics at higher resolution by using amplitude information. The strong amplitude direction should be aligned parallel to fracture (or crack) orientation. For this analysis, we focused on the amplitude variation of first arrival wavelets of direct P waves (Figure 8 ). We aligned all traces at the first break time and extracted the maximum amplitude of the first arrival signal wavelet (Figure 8a ).
[23] Elliptical fitting analysis can be used to determine amplitude variations in an HTI medium (e.g., equation (1)); however, we observed high-and lowfrequency amplitude variations that suggest we were dealing with mixed fracture orientations as well as a dipping sedimentary sequence. To characterize amplitude variations including several frequency components, we used the Fourier series of azimuths [Ikelle and Amundsen, 2001 ]:
where
The phase of each frequency mode n is calculated as 8 n = arctan(G n /F n )/ n. We determined F 0 , F n , and G n by least squares fitting to the extracted maximum amplitude variation (Figure 8b ). This analysis allowed us to reveal the overall trend of amplitude variation with azimuth (smoothed amplitude variation; Figure  8c ) as well as the characteristics of each frequency component n (Figures 8d and 8e ).
[24] From the smoothed amplitude variation with azimuth (Figure 8c) , we observed strong amplitudes from 135°to 150°in the shallow section (910-990 m below seafloor), which is almost the same as the azimuth of the fast P wave velocity (Figure 7g ). However, deeper in the section (990-1130 m below seafloor), we observed that the azimuth of the strong amplitudes rotated clockwise with depth from 150°to 180° (Figure 8c ).
S Wave Splitting
[25] When an S wave propagates through an anisotropic elastic solid, it splits into two perpendicular polarizations that travel with different velocities [Crampin, 1981] . We observed the S wave splitting in both the up-and downgoing converted S waves. The amplitude of the radial component was fairly constant with azimuth (Figures 9a, 9c , and 9e), whereas the transverse component exhibited considerable variations of amplitude with azimuth and a polarity reversal every 90° (Figures 9b, 9d, and 9f) . At the polarity reversal, the amplitude of the transverse component passed through zero at 45°and 135°( Figure 9f) ; these azimuths correspond to the principal symmetry axes of the anisotropic medium.
[26] The transverse-component behavior is clearly observed on the transverse to radial energy ratio (Figure 10 ) [Garotta and Granger, 1988; Maultzsch et al., 2009] . We identified clear minimum energy of transverse components for the principal symmetry axes (45°and 135°). The directions of symmetry axes are constant for depth direction (Figure 10 ). The orientations of these axes correspond to the polarization directions of the fast and slow S waves [Gaiser, 1999] . Since the direction of the fast P wave velocity was 135°, the direction of the fast S wave polarization should also be 135°. Therefore, the axes (135°) correspond to the strike of the fracture or stress-induced crack [Crampin, 1985] .
[27] The observed downgoing SV waves were converted from P waves at geological boundaries shallower than the receivers (e.g., the seafloor). SH waves are generated from SV waves at geological boundaries between the seafloor and the receivers. The zero-amplitude band of the transverse component (Figure 9b ) indicate that the first arrivals of downgoing S waves are converted from P wave within the sedimentary sequence (beneath the seafloor); S waves converted at the seafloor should have later arrival times than the observed first arrivals of the PS converted waveform. From the Vp/Vs ratio (Figure 4) , we estimated that the S wave converted at the seafloor arrived ∼0.7 s later than the first arrival of the direct P wave (black arrows in Figure 9e ). The S wave converted at the seafloor appears in walkaway VSP data as the strongest PS converted waveform. [28] In Figure 9e (radial component), the velocity of PS converted waveform looks slower (longer travel time) for the interpreted fast S wave polarization direction (135°). However, since Figure 9e is aligned by first arrivals of direct P wave, the PS converted wave is displayed slower for the fast P wave polarization direction. Yellow sinusoidal curve in Figure 9e indicates travel time variation due to P wave velocity anisotropy (∼5%). The agreement between sinusoidal curvature of P wave velocity anisotropy (yellow curve in Figure 9e ) and the PS wave converted at the seafloor (black arrow in Figure 9e ) indicate that the sinusoidal curvature observed in radial component is almost explained by P wave velocity anisotropy (Figure 7) . [29] For the upgoing S wave, it is difficult to identify the conversion surface, although the converted S wave could be seen in the walkaway VSP data. Therefore we did not estimate S-wave velocity anisotropy from the upgoing S wave in this study.
Discussion
Principal Horizontal Stress Orientation
[30] The anisotropic directions estimated from our VSP analysis are consistent with the maximum horizontal stress orientations estimated by Lin et al.
[2010] from borehole breakouts (red and blue bars in Figure 11) . Therefore, the seismic anisotropy we detected has been indicated the orientation of the principal stresses. The stress-induced anisotropy is frequently explained by alignment of stress-induced cracks, or the closure of randomly distributed cracks in response to increased stress [Hudson, 1981] . Accurately, seismic anisotropy within the unconcolidated sediment (i.e., Kumano basin) could be generated mainly by increasing contact between grains [Johnson et al., 1998 ]. However, graincontact model have similar characteristics with crack model when we consider the azimuthal seismic anisotropy.
[31] These directions of anisotropy obtained in this study are compatible with the fast S wave polarization Geochemistry Geophysics Geosystems G 3 G 3 Figure 9 . (a-d) Examples of azimuthal amplitude variation of radial and transverse components of upgoing and downgoing split S waves (Channel 2). These profiles are aligned with first-break time at 100 ms. Red and blue arrows indicate zero-amplitude bands that correspond to fast-and slow-polarization directions. The interpreted PS wave converted at the seafloor is indicated by black arrows. These profiles indicate that the S waves are converted from P waves beneath the seafloor, because zero-amplitude bands are identified before the arrival of PS waves converted at the seafloor. Enlarged (e) radial and (f) transverse components of downgoing split S waves. These profiles are corresponding to the interval of 0.6-1 s of Figures 9a and 9b . Yellow sinusoidal curvature in Figure 9e indicates travel time variation due to P wave velocity anisotropy. The agreement between sinusoidal curvature of the P wave anisotropy (yellow curve) and the PS converted waveforms (black arrows) indicates that the sinusoidal curvature of PS converted waveform is derived from P wave velocity anisotropy (not from S wave velocity anisotropy). Yellow box in Figure 9f indicates polarity reversal across the symmetry axes.
Geochemistry Geophysics
Geosystems G 3 G 3 directions estimated by Tsuji et al. [2011] from active-source wide-angle data recorded by ocean bottom seismometer (OBS) (gray bars in Figure 11 ). In details, the fast S wave polarization directions derived from OBS analysis is more perpendicular to the subduction direction of Philippine Sea plate around Site C0009. Since the fast S wave polarization directions from OBS analysis indicate average anisotropic properties between the seafloor and the plate interface [Tsuji et al., 2011] , the difference between these directions of anisotropy may indicate that the fractures within accretionary prism (beneath the Kumano basin) are developed for the subduction perpendicular direction.
[32] We do not have a clear explanation for the strong P wave amplitude direction in the deeper part of the sequence (∼180°; Figure 8 ). The orientation of the fractures may have changed locally within the interval investigated by the VSI tool, since the anisotropic characteristics at higher resolution can be extracted by using amplitude information. Furthermore there is a possibility that the fractures associated with ancient (and therefore different) stress conditions in deeper lithology influence to the estimated amplitude anisotropy. The deeper lithology should be more influenced by deformation within the accretionary prism beneath the Kumano basin. Actually, in the deep interval (1090-1150 m below seafloor), the amplitude variation with azimuth of the n = 2 frequency component is relatively small (Figure 8d ), which indicates some mixed fracture orientations. This interpretation for the amplitude anisotropy is similar to that for the variation in orientation between VSP-derived anisotropy, reflecting elastic properties of fore-arc basin sediments, and OBSderived anisotropy (Figure 11 ), reflecting elastic properties over a broader depth interval, as described above.
Horizontal Differential Stress
[33] We estimated the magnitude of horizontal differential stress from the estimated P wave velocity anisotropy (Figure 7) , because amount of stressinduced cracks (or degree of grain contact) has a relation with magnitude of differential stress and can be revealed from the degree of seismic anisotropy. The laboratory measurements for the rock samples obtained in this study area [Hashimoto et al., 2010; Raimbourg et al., 2011; Tsuji et al., 2008] demonstrated that the gradient of the P wave velocity-effective stress relationship ∂V p /∂s′ were 20∼40 m/s/MPa in elastic domain, although the relationship was nonlinear. The gradient of velocity-stress relationship of these laboratory data is consistent with the results of a laboratory experiment by Zimmer et al. [2002] who showed that the P wave velocity gradient in unconsolidated sediment was ∼30 m/s/MPa for an effective pressure range 0-10 MPa. Therefore, we assume that the upper and lower bound of velocity-stress gradient is 20 m/s/MPa and 40 m/s/MPa respectively. Here we assume that these velocity gradients are derived from closure of randomly oriented cracks or graincontact increasing [Tsuji et al., 2008] .
[34] If we can apply the velocity-stress relationship ∂V p /∂s′ = 20∼40 m/s/MPa for horizontal direction (∂V p /∂s′ = ∂V p /∂s′ h ) because of the assumption of randomly oriented cracks, we estimate horizontal differential stress to be 2.7∼5.5 MPa by using our estimated P wave velocity anisotropy (DVp = 110 m/s; Figure 7e ) in the following equation:
The estimated P wave velocity anisotropy is an NMO-derived velocity anisotropy, which is not the same as a horizontal velocity anisotropy. However, because the incident angle of our relatively wide-offset data (∼3.5 km) was 60-70°, our estimated velocity should not differ greatly from the horizontal velocity.
[35] In our estimation of differential stress, we assumed that differential stress was constant between the seafloor and the receiver, because the estimated interval velocity as well as anisotropy is averaged value between seafloor and receiver. However, the differential stress could be small close to the seafloor, so our assumption minimizes the estimated horizontal differential stress in deep lithology.
Maximum Horizontal Stress
[36] According to a hydraulic fracturing packer test at Site C0009, Saffer et al. [2009] estimated the difference between the minimum horizontal and vertical stresses to be a few megapascals at depth around the VSI tool deployed interval ( Figure 12 ). This stress difference is similar to (or a little smaller than) the difference between the maximum and minimum horizontal stresses estimated in this study (2.7∼5.5 MPa), and indicates that maximum horizontal stress s Hmax is similar to (or a little larger than) the vertical stress s v at Site C0009 (Figure 12 ). Therefore, we can roughly estimate the maximum horizontal stress, which is normally most difficult to determine among the three principal stress components.
[37] Although previous studies indicated normal fault regime within the Kumano basin seaward of our study area (Site C0002) Chang et al., 2010] , our estimated results (Figure 12 ) indicate normal to strike-slip regime at Site C0009. Because our study area (Site C0009) is located further landward from the Site C0002, the stress state within the Kumano basin would be changed from normal regime near the mega-splay fault Figure 10 . Rose plot of the transverse to radial energy ratio measured from the walkaround VSP data. The results for each individual receiver level and the average are displayed. We used downgoing waveform around PS wave converted at the seafloor. There are two clear minima in the energy ratio at orthogonal azimuths around 45°and 135°.
(Site C0002) to strike-slip regime in landward region (Site C0009).
6. Summary [38] We summarize here the main results obtained in this study:
[39] 1. We showed that P wave interval velocity anisotropy within the sediments of the Kumano basin at depths of less than 908 m below the seafloor is ∼5%. The fast P wave velocity direction is aligned with the convergence vector of the Philippine Sea plate (135°).
[40] 2. From the amplitude of the direct P wave, we revealed anisotropic characteristics with high resolution. The azimuth of the strong amplitude direction is 135°in the shallow sequence and is consistent with the azimuth of the fast P wave Figure 11 . Comparison of the directions estimated from fast P wave velocity, strong P wave amplitude, principal axis of S wave splitting, and previously estimated principal horizontal stress orientations. Red and blue bars indicate principal horizontal stress estimated from borehole breakouts by Lin et al. [2010] . Blue bars indicate principal horizontal stress within the Kumano basin. Gray bars indicate the fast S wave polarization direction estimated from OBS data by Tsuji et al. [2011] . Yellow line seaward of the trough axis shows fault induced by intraoceanic fault displacement [Tsuji et al., 2009]. velocity direction (and the direction of plate subduction). However, the azimuth of the strong amplitude direction is 180°in the deep sequence, perhaps because of local changes to fracture orientation or existence of ancient fractures.
[41] 3. For the transverse components, we observed principal symmetry axes of S wave splitting (zero amplitude bands) every 90°. The principal axes of symmetry for S wave splitting are 45°and 135°.
[42] 4. We observed similar anisotropic orientations for the fast P wave velocity direction, the strong P wave amplitude direction, and the principal axes of symmetry for S wave splitting. These anisotropic orientations are consistent with previously estimated maximum horizontal stress orientations (i.e., plate subduction direction).
[43] 5. The horizontal differential stress determined from P wave velocity anisotropy (∼110 m/s) was estimated to be 2.7∼5.5 MPa, indicating that the maximum horizontal stress is similar to (or a little larger than) the vertical stress.
[44] 6. This study demonstrates that walkaround VSP data provide useful information (i.e., anisotropic properties) for characterization of stress orientation and magnitude even in unconsolidated sediment. This analysis gives insight to monitoring dynamic stress state around the seismogenic faults using borehole seismometers and artificial source.
